Aims: To determine the adequacy of nucleo-cytoplasmic staining characteristics and preservation of nucleo-cytoplasmic morphology of mouse liver tissue cleared in pre-warmed xylene at predetermined temperatures and durations using haematoxylin and eosin staining procedure. Study Design: Tissues for clearing were first divided into 3 broad experimental groups (A, B and C) based on pre-determined tissue clearing temperature. Each broad group were further divided into 4 sub-groups (A1 to A4, B1 to B4 and C1 to C4) based on duration of tissue clearing. Place and Duration of Study: Department of Medical Laboratory Science, Babcock University, Onyegbula et al.; CJAST, 34(2): 1-7, 2019; Article no.CJAST.24463 2 Ilishan-Remo, Nigeria and Department of Oral Pathology, College of Medicine, University of Ibadan, Nigeria. January-June, 2015. Methodology: Tissues assigned to sub-groups A1 to A4 were cleared in pre-warmed xylene at 25°C for 30, 45, 60 and 90 minutes respectively, while tissues assigned to sub-groups B1 to B4 were cleared in pre-warmed xylene at 30°C for 30, 45, 60 and 90 minutes respectively and tissues assigned to sub-groups C1 to C4 were cleared in pre-warmed xylene at 35°C for 30, 45, 60 and 90 minutes respectively. As a consequence of this procedure, adequacy of nucleo-cytoplasmic staining characteristics and preservation of nucleo-cytoplasmic morphology were subsequently determined. Results: Adequacy of nuclear and cytoplasmic staining were both assessed using a 2-point grading scale of 0 being inadequate and 1 being adequate, while preservation of both nuclear and cytoplasmic morphology were also assessed using a 2-point grading scale of 0 being poorly preserved and 1 being well preserved. Adequate nuclear and cytoplasmic staining were observed in tissues cleared in pre-warmed xylene at 25°C for 45 and 60 minutes, at 30°C for 30 and 45 minutes, at 35°C for 30, 45, 60 and 90 minutes. Well preserved nuclear morphology were observed in tissues cleared in pre-warmed xylene at 25°C for 30, 45 and 60 minutes, at 30°C for 30 and 45 minutes and at 35°C for 30, 45, 60 and 90 minutes. However, only tissues cleared at 35°C for 30, 45 and 90 minutes exhibited well preserved cytoplasmic morphology. Conclusion: Adequate nucleo-cytoplasmic staining and well preserved nucleo-cytoplasmic morphology of tissues for histopathologic demonstration may be achieved rapidly by clearing tissues in 35°C pre-warmed xylene for as short as 30 minutes.
INTRODUCTION
Clearing is an important step in the production of histological sections with the aim of removing alcohol and other dehydrating fluids from tissue prior to infiltration of the embedding material, which is usually paraffin wax. Over the years, xylene which is naturally available in coal tar and petroleum has been widely used as a clearing agent chiefly because of its excellent compatibility with alcohol and paraffin wax, where it causes maximum displacement of alcohol and makes the tissue transparent thus enhancing paraffin infiltration coupled with its use as a deparaffinizing agent in staining and application of coverslip to stained slides [1, 2, 3, 4] .
Although, the hazardous effect of xylene is well documented in literature, it is still commonly used in pathology laboratories worldwide [5, 6] . In a bid to identify non-toxic, cheaper and commonly available alternatives to xylene as a clearing agent, we embarked on a series of research on locally available plant oils in Nigeria. Interestingly however, in the course of the research, we observed a pattern in staining adequacy and preservation of histomorphology using xylene as a clearing agent which forms the basis of this preliminary report.
Routinely, tissues less than 3mm in thickness are cleared in a single bath of xylene for 1½ hours at room temperature, while tissues between 3 and 5mm in thickness are cleared in two changes of xylene for 2 to 3 hours each at room temperature. Furthermore, tissues between 5 and 8mm in thickness are cleared in two changes of xylene for 3 to 5 hours each at room temperature, thus prolonging the turnaround time [7] .
In this study, we report a protocol which drastically reduced the time tissues are immersed in xylene during the clearing step without compromising the staining adequacy and preservation of histomorphology.
MATERIALS AND METHODS

Fixation of Experimental Animals
Twenty albino mice of mixed sexes were purchased from the animal house of the Department of Zoology, University of Ibadan, Nigeria. They were immediately euthanized by cervical dislocation and subsequently dissected to obtain 3 to 5mm thick liver tissues which were immediately fixed in 10% formol saline for 24 hours.
The fixed tissues were thereafter dehydrated through 70%, 80%, 90% and absolute ethanol for 1 hour each and eventually in a second bath of absolute ethanol overnight.
Experimental Design
For the clearing process, the dehydrated tissues were then divided into 3 broad experimental groups (A, B and C). Each of these groups were further divided into sub-groups (A1 to A4, B1 to B4 and C1 to C4). Tissues assigned to group A were cleared in pre-warmed xylene at 25 o C, while tissues assigned to group B were cleared in pre-warmed xylene at 30 Each group were thereafter infiltrated in 2 changes of paraffin wax for 1½ hours each and subsequently blocked out. 5µm sections were cut from each block and stained by the routine hematoxylin and eosin method. Adequacy of staining and preservation of histomorphology were then assessed microscopically as indices of the effect of tissue clearing in pre-warmed xylene.
The ethical committee of Babcock University, Ilishan-remo, Ogun state, Nigeria approved the study in compliance with standard laboratory animal care procedures.
Criteria for Analysis
Multiple slides were made for each parameter under investigation. After previewing all the slides, the best were chosen and used for analysis. Adequacy of both nuclear and cytoplasmic staining were assessed independently using a 2-point grading scale of 0 being inadequate and 1 being adequate while preservation of both nuclear and cytoplasmic morphology were also assessed independently using a 2-point grading scale of 0 being poorly preserved and 1 being well preserved. 
RESULTS
Staining Adequacy and Preservation of Tissue Morphology
Grading of staining adequacy was on a scale of 0 (inadequate) to 1 (adequate) while grading of preservation of morphology was on a scale of 0 (poorly preserved) to 1 (well preserved)
Adequate nuclear and cytoplasmic staining characteristics were observed in tissues cleared in pre-warmed xylene at 25 o C for 45 and 60 minutes (Fig. 1) , at 30 o C for 30 and 45 minutes (Fig. 2) and at 35 o C for 30, 45, 60 and 90 minutes (Fig. 3) .
Well preserved nuclear morphology were observed in tissues cleared in pre-warmed xylene at 25 o C for 30, 45 and 60 minutes (Fig. 1) . Tissues cleared in pre-warmed xylene at 30 o C for 30 and 45 minutes (Fig. 2 ) also exhibited well preserved nuclear morphology. 
DISCUSSION
Tissue processing in histology and cytology is a physical process that involves chemical solutions reacting with biological specimen with profound effects if not properly handled. Biopsy and autopsy specimen require processing prior to histopathological diagnosis. One of the processes is clearing of the tissue in a chemical agent. The term clearing, derives from the fact that the clearing agent often have the same refractive index as proteins. As a result when the tissue is completely infiltrated in the clearing agent, it becomes translucent. This change in appearance is often used as an indication of the effectiveness and completeness of the clearing process [8] . The chemical agent most commonly used is xylene. It works reasonably well for short-term clearing of tissue blocks, whereas, long-term immersion of tissues in xylene results in tissue distortion [8] . Although the hazards and toxicities caused by xylene to humans are well documented in literature [9, 10, 11, 12, 13, 14] , and although many substitutes have been commercially developed [15] , they fail to completely replace xylene partially due to their variable effectiveness and cost.
In histology laboratories, standard operating procedures requires that tissues be cleared in two changes of xylene or other clearing agents at room temperature (25 o C) for at least 1½ hours and up to 10 hours each depending on the size of the tissue sample. In our laboratory, samples are routinely cleared in two changes of xylene for 1½ hours each irrespective of the size. However, in the course of this study, we were able to achieve adequate nucleo-cytoplasmic staining characteristics and well preserved nucleocytoplasmic morphology in pre-warmed xylene at shorter clearing times. We therefore report that although adequate nucleo-cytoplasmic staining characteristics were observed in tissues cleared in pre-warmed xylene across the three experimental temperature ranges, however, our results show that adequate nucleo-cytoplasmic staining characteristics suitable for pathological diagnosis were observed in tissue samples cleared in pre-warmed xylene at 30 o C (Fig. 1) . Furthermore, our results also show that clearing of tissues in prewarmed xylene at 35 o C for 30 minutes (Fig. 3) produces well preserved nucleo-cytoplasmic morphology suitable for pathological diagnosis. Efforts to locate similar work done previously in our literature search for comparison proved abortive.
Temperature is known to increase the kinetic energy of molecules, which in turn increases the rate at which molecules diffuse across tissue membranes [16, 17] . It may therefore be inferred that xylene molecules at higher temperatures of 30 o C and 35 o C were able to penetrate the tissues faster than at 25 o C thereby displacing ethanol from the tissues for better clearing efficiency that resulted in adequate nucleocytoplasmic staining characteristics and well preserved nucleo-cytoplasmic morphology.
CONCLUSION
We therefore conclude that immersion of tissues for 30 minutes in pre-warmed xylene at 35 o C produces adequate nucleo-cytoplasmic staining characteristics, as well as, well preserved nucleo-cytoplasmic morphology suitable for histopathological diagnosis. We recommend that further studies should be conducted with actual pathological tissue samples and possibly extended to antibody detection studies.
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